INTRODUCTION
Factors determining selective susceptibility of cells to a given virus are still obscure. From the fact that virus nucleic acid is frequently capable of producing single-cycle virus reproduction in cells which are insusceptible to the virus (Holland, ~964; Holland, McLaren & Syverton, I959; Herriot, I969) , it follows that specificity of virus-cell interaction is determined at an early stage of the process, before the virus nucleic acid is released. It is known that cellular receptors participating in adsorption of poliovirus are chemically different from those for Coxsackie viruses I96I ; Crowell, ~966 ; Zajac & Crowell, r 969) , and although the structure of these receptors is not known, there is reason to believe that chemical properties of the cellular membrane and the degree of cellular susceptibility to a particular virus are to a considerable extent determined by peculiarities of its metabolism.
In our comparative cytochemical studies of human leukaemic cells sensitive to Coxsackie viruses (Levin & Voronina, I968) , and of sub-lines derived by various methods from these cells and specifically resistant to the above viruses (Soloviev & Gulevitch, I966; Soloviev et al. ~968; Varshaver & Gulevitch, I964) , we observed that the development of resistance to Coxsackie B 3 and B 5 viruses was always associated with great reduction in the activity of cellular phosphatases, active in alkaline pH regions (Amchenkova & Gulevitch, I968; Amchenkova & Sovjetova, I968) . High activity of the above enzymes has been designated by us as Ph marker (Soloviev & Khesin, r97o ) .
The present study has been undertaken to find out whether the relationship between the Ph marker and cellular susceptibility to Coxsackie B viruses is a property perculiar to leukaemic cell cultures only, or the correlation is of wide significance. (Amchenkova & Sovjetova, i968) ; stable cell lines HeLa, HEp2, human amnion, monkey heart (Salk & Ward, I957) , green monkey kidney, swine embryo kidney and mouse L fibroblasts.
The primary cell cultures used were human fibroblasts and human kidney cells, mouse and chick embryo fibroblasts, as well as the brown fat of 4-day-old suckling mice and adult mice.
Cultivation was performed in Leighton tubes on plates of cover glass (the inoculum with stable cell lines was Io 5 cells/ml, and that of primary cells -Io ° cells/ml.) using I99 medium supplemented with I o % heated bovine serum.
Viruses. Coxsackie B 3 (strain r-x) (Soloviev et al. I959) and Coxsackie B5, were introduced on the third day of cultivation (I TCD 5o/ml.) simultaneously with substitution of o/ of heated the growth medium with an equal volume of fresh I99 medium containing 2/o bovine serum.
Virus titrations were made separately for culture medium and cells according to cytopathic effect in sensitive J-96 cells.
Preparations of cell cultures were observed after staining with Mayer's haematoxylin and eosin following fixation in Ca-formol.
Alkaline phosphatase activity was detected according to Gomori's method (Pearse, I96O ) . Cells of mouse brown fat were first embedded in paraffin.
RESULTS
J-96 leukaemic cell culture is not homogeneous with respect to cell composition and, besides polygonal cells of reticular type constituting the bulk of a cell layer, contains elongated fibroblast-like elements, cells with large nuclei and small symplasts. The culture exhibits high sensitivity to Coxsackie B3 and B5 viruses, being completely destroyed in 24 hr following infection with I TCD5o per cell and accumulating virus to a titre of IOr to 108 TCD 5o/ml.
Subcultures resistant to Coxsackie B viruses retain the characteristic features of the original culture, but possess a higher degree of differentiation, which is reflected in a greater content of fibroblast-like elements and cells with two to four nuclei, as well as in reduced mitotic activity and longer generation time. When infected with I TCD 5o of the homologous virus per cell, they remain morphologically intact and no multiplication of the virus is observed.
All J-96 cells belong to Ph + type, whereas the resistant lines consist of Ph-elements. Practically all resistant cultures passed a stage of chronic infection with the corresponding virus. At that stage of development of immunity, the majority of cells had already lost Ph marker. In order to ascertain whether the enzymic changes in chronically infected cells were genetically determined, we performed clonal cultivation of cultures with Coxsackie B5 chronic infection (Amchenkova & Sovjetova, I968) . Eighteen clones were obtained and maintained. By successive titrations in the sensitive test system of supernatants obtained from disrupted cloned cells, it has been shown that I2 clones contained the virus and were chronically infected, while six clones were free from the virus. The clones were composed, predominantly, of fibroblast-like cells; also, there were polygonal, polynuclear and giant-nuclear forms.
W h e n the activity of alkaline phosphatase was determined, it was found that the overwhelming majority of cells were negative with respect to Ph m a r k e r and only single cells or cell groups possessed the marker. The latter resembled the original J-96 cells in morphological and histochemical properties. W h e n the clones were infected with the h o m o l o g o u s virus, the following regularity was observed: in clones with large numbers o f P h + elements p r o n o u n c e d cytopathic effect developed with destruction of cell islets positive with respect to alkaline phosphatase (Fig. I) ; where there were few Ph + cells, no defects in the cell layer were observed, but the Ph + cells disappeared by the 2nd or 3rd day. Clones which contained no Ph + cells . Left section with high activity of the alkaline phosphatase was prepared of brown fat of a 4-day-old suckling mouse, susceptible to Coxsackie B3 virus (the colour is black due to deposition of the reaction product). On the right is a section of the same tissue from an adult albino mouse insusceptible to the virus. There is low activity of the alkaline phosphatase. Grey colour in the photograph corresponds to pink eosin contrastaining. Gomori's method with eosin contrastain. Magnification x io8.
number of stable and primary cell cultures. The experiments confirmed the existence of a correlation between presence of Ph marker and sensitivity of cultures to Coxsackie B viruses. Continuous lines of HeLa, HEp2, A x, monkey heart, green monkey kidney, and swine kidney cells consist of Ph + elements, and the virus multiplies to high titres and produces distinct cytopathic effect. Cultures of human fibroblasts and human kidney cells contain only P h -cells, and appear insusceptible to Coxsackie viruses.
Finally, the stable line of L cells and primary cultures of mouse and chick embryos contain cells with weak activity of alkaline phospbatase, and one can observe in these cultures, at high multiplicity of infection, degeneration of single cells, although no pronounced multiplication of the virus occurs. Some of these cultures are shown in Fig. 2 . An exception is the primary culture of monkey kidney ceils: in this case, the activity of alkaline phosphatase is observed only in separate groups of cells, but the culture undergoes complete degeneration and yields newly formed virus with a titre of Io 6 TCD 5o/ml.
In addition, the activity of alkaline phosphatase was measured in the brown fat of mice of different age. It appeared that in suckling mice, which are sensitive to infection with Coxsackie B viruses, the brown fat consisted of Ph + elements, whereas in adult mice, insusceptible to infection with these viruses, the enzyme activity in elements of the brown fat was greatly reduced (Fig. 3) The development of sub-lines, specifically resistant to Coxsackie B viruses, starting from J-96 elements which are sensitive to the viruses, occurs as establishment of Ph-cells. As shown in our laboratory by Levin & Voronina (I968), these changes in cellular metabolism are associated with changed isozyme spectrum of the enzymes.
It is not possible at present to determine the connexion between the activity of phosphatases, acting in alkaline pH regions, and the susceptibility of cells to Coxsackie B viruses, since the biological function of the enzyme are still insufficiently known. They were reported to participate in processes connected with phosphorus metabolism and transfer of energy 196 I) , there is evidence of their relation to permeability of cellular membranes and active transport of metabolites across the membranes (Bonting, Simon & Hawkings, I96I ; Samorajski & McCloud, I96I) . As to participation of alkaline phosphatases in the process of virus-cell interactions, only suppositions can be made. We are inclined to think that it is not the enzymes themselves that are directly involved in adsorption and deproteinization of Coxsackie B viruses, but rather some other substances, which are still to be found and in which synthesis participate certain isozymes of the mentioned enzymes.
Similar phenomena seem to occur not only in virus infections. It is known, for instance, that Brucellus abortus develops only in those animals whose placenta tissues contain the carbohydrate erythritol (Pearce et al. I962 ) , and that inherited defect of glucose-6-phosphate-dehydrogenase in human red blood cells is associated with increased resistance of humans to malaria (Bernini et al. I96O ; Beutler, I96O), etc.
It seems to us that all this evidence indicates towards relationship between peculiarities of cellular metabolism and specific susceptibility or insusceptibility of cells to the particular infection agent.
